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1. Experimental Section

1.1 Materials

PSS with My, of 200KDa were purchased form Sigma-Aldrich. EDOT monomer was
purchased from Sigma-Aldrich. Ammonium persulfate (APS), FeCls, ethanediamine
reducing agent and organic solvents including acetone, isopropanol, chloroform and
methanol were purchased from Sinopharm Chemical and used without further
purification. PM6, BTP-eC9 and PDINN were purchased from Solarmer Material Inc.
1.2 Synthesis of P-series PEDOT:PSSs

A typical protocol for the synthesis of P-series PEDOT:PSS is as follows: The PSS
powder was added to 30 mL of deionized water, followed by the addition of EDOT



monomer under slow stirring conditions for 60 minutes. The pH was then adjusted to
1. Subsequently, APS was added with high-speed stirring (800 rpm). The feed mass
ratio of EDOT to PSS is 1:8, while the mole ratio of APS to EDOT is set at 1.5:1. The
above mixture was stirred at room temperature for a duration of 72 h and
subsequently subjected to dialysis using a membrane with a molecular weight cutoff
of 1000 Da for a period of 5 days. Finally, the PEDOT aqueous dispersion was
concentrated to a mass concentration of 1.3% through the process of rotary
evaporation. By varying the FeCl; content, P-0, P-1, P-20, P-50, and P-100
PEDOT:PSS products were synthesized.

1.3 Preparation of dedoped PEDOT:PSSs

A typical dedoping protocol is shown as follows: PEDOT:PSS aqueous dispersion
(100 uL, 1.3 wt%) was added into 4 mL of deionized water. Then NaOH solution
(500 uL, 6 M) was added, followed by ethanediamine (100 uL) under vivid stirring.
Subsequently, the mixture was stirred at room temperature for 30 min. Finally, an
azure aqueous dispersion of completely dedoped PEDOT:PSS was obtained.

1.4 Measurements and characterizations

UV-vis-NIR absorption and transmittance spectra were recorded on a UV-3100 UV-
vis spectrophotometer. XPS and UPS tests were conducted on a Thermo Scientific
ESCALAB 250Xi instrument. AFM measurements were performed using Park XE-
100 instrument by tapping mode. GIWAXS patterns were recorded on a Xeuss 3.0
Xenocs X-ray scattering instrument. Conductive devices with configuration of
ITO/PEDOT:PSS sample/Al were fabricated with the following steps. Firstly,
PEDOT:PSS aqueous dispersion was spin-coated onto clean ITO substrate and
annealed at 150°C for 15 min. Then, the samples were transferred into the N,-filled
glovebox. Finally, aluminum (100 nm) was thermally evaporated at about 5x10-* Pa.
IV curves were detected in a glovebox by a Keithley 2420 source measurement unit
under dark. The film thicknesses of P-0, P-1, P-20, P-50 and P-100 PEDOT:PSS films
are 21, 23, 26, 25 and 28 nm, respectively. The in-plane conductivity tests were
conducted according to the methodology described by Zhou et al.lll Contact angle

studies were carried out on a JC2000C1 static contact angle instrument. The Ys values



of active layer materials were estimated by the surface wettability-based Owens—

Wendt method. The Flory—Huggins interaction parameter y was obtained from the

equation of X = K (\/ Ydonor = \/ yacceptor)z, where K is a constant.

1.5 OSC:s fabrication and characterization

OSCs were fabricated as a layer stack of ITO/P-series PEDOT:PSSs/PM6:BTP-
eC9/PDINN/Ag. Firstly, the ITO glass substrates were sequentially sonicated in
detergent solution, deionized water, acetone, and isopropanol. Then, the substrates
were further dried with nitrogen flow and subjected to an oxygen plasma treatment
step for 8 min. Next, P-0 PEDOT:PSS (or P-1, P-20, P-50, P-100) aqueous dispersion
was spin-coated onto the substrate and then annealed at 150 °C for 15 min. PM6:BTP-
eC9 (ratio 1:1.2, 16.5 mg mL! in chloroform, 0.5 vol% 1,8-diiodooctane additive)
was then spin-coated at 3000 rpm for 30 s. PM6:BTP-eC9 film was annealed at 85 °C
for 5 min. The film thicknesses of active layers are 100 nm. Subsequently, PDINN (1
mg mL"! in methanol) was spin-coated at 3000 rpm for 30 s and the film thickness is 8
nm. Finally, Ag was thermally evaporated at about 5x 10 Pa. The device area is
0.045 cm?.

J-V characteristics were detected in a glovebox by a Keithley 2450 source
measurement unit under 100 mW cm? (AM 1.5 G) irradiation. Light-intensity
dependence measurements were recorded using the same instrument. Hole-only
devices were fabricated with a device configuration of ITO/PEDOT:PSS/PM6:BTP-
eC9/Mo03/Ag. The charge carrier mobility was determined by fitting the dark current
to the model of a single carrier SCLC according to the equation: J = 9goe,uV?/8d3,
where J is the current density, d is the film thickness of the active layer, u is the
charge carrier mobility, ¢, is the relative dielectric constant of the transport medium,
and & is the permittivity of free space. V = V,,, —Vy;, where V,,, is the applied
voltage, Vy,; is the built-in voltage.[?] The carrier mobility is calculated from the slope
of the J'2 ~ V curves. The Py values of OSCs were determined by calculating the
Jpn/Jse value at Veg= 4 V in the Jyp-Vegr curves. sSEQE and EL measurements were

performed following the method reported by Sun et al.B] TPC and TPV measurements



were conducted on the PAIOS platform, which includes the characterization of solar

cells and OLED.[*!



2. Supplementary figures and tables
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Figure S1 (a) vis-NIR spectra of dedoped Al 4083 PEDOT:PSS aqueous dispersion.

(b) XPS S2p spectrum of AI 4083 PEDOT:PSS film.
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Figure S3 Transmittance spectra of P-series PEDOT:PSS films deposited on ITO

substrates.
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Figure S4 XPS S2p spectrum of thermally aged P-series PEDOT:PSS films.

Figure S5 AFM height images of freshly prepared and thermally aged PEDOT:PSS

films.
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Figure S6 (a) Schematic structure of the transmission line method for conductivity
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measurement. (b) Measured resistance of films as a function of channel length, and fit

slope for conductivity calculation. Slope of the line is the resistance with a channel



length of L (R;, R, = AR/An). The in-plane conductivity (o)) can be evaluated by the

following equation:!!! 5, = L/(adR;), where L and a are the length and width of films;
d denotes the film thickness.

Fresh

Figure S7 AFM phase images of the top surfaces of freshly prepared and thermally
aged PMT:BTP-eC9 films.
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Figure S8 Contact angles and y; values of (a,c) fresh and (b,d) aged PM6 films coated
on various PEDOT:PSSs. The thick (~55 nm) and thin (~12 nm) films were employed
to investigate the impact of PEDOT:PSS on the vy, values of neighboring and distant
PM6 molecules.
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Figure S9 Contact angles and vy, values of (a,c) fresh and (b,d) aged BTP-eC9 films
coated on various PEDOT:PSSs.The thick (~60 nm) and thin (~15 nm) films were
employed to investigate the impact of PEDOT:PSS on the y, values of neighboring

and distant BTP-eC9 molecules. The Flory—Huggins interaction parameter ) was



— 2
obtained from the equation of X = K (\/ Vdonor = \/ yacceptor) , where K is a constant.

The calculated values of y were depicted in Figure 3b, c.
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Figure S10 J-V curves of PM6:BTP-eC9 hole-only devices with different HTMs.
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Figure S11 (a) J,,-V g curves of OSCs. (b) The detail data of J,,-V curve with
the bias voltage from O V to +1 V. The V| values for P-0, P-1, P-20, P-50 and
P100 devices are 0.75, 0.79, 0.83, 0.88 and 0.86 V, respectively.
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Figure S14 Semi-logarithmic plots of the EL and sensitive EQE as a function of
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Figure S16 J evolution plots of OSCs in the stability test of thermal aging.
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Figure S17 (a) J-V curves of 4083 OSC. (b) PCE, (c) V,., (d) FF and (e) J, evolution
plots of 4083 OSC in the stability test of thermal aging.
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